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Ordinal tomography (or ray tomography) refers to cross-sectional reconstruction of the medium parameter distribution (velocity or absorption distribution) from data based on ray propagation in the medium. When the coverage of illuminating and viewing angles is limited, or the scale lengths of the medium inhomogeneities are comparable with the wavelength, results of the ray tomography become very poor. Diffraction tomography was introduced to improve the imaging process (Mueller et al., 1979; Mueller, 1980; Devaney, 1984) , in which the forward scattered field (or diffraction field) is used to reconstruct the object function. In this paper, we use both the forward and backward scattered field in the reconstruction. In the formulation, we consider the geometries applicable to field studies using both surface reflection and offset VSP (vertical seismic profiling), and formulate the process using point (or line) sources along a line. We also compare the results of diffraction tomography with those of the multisource holography (Wu and Xu, 1979) using both the synthetic data and the data of water tank ultrasonic experiments.
Principle of diffraction tomography
The basic principle is based on Wolf' s (1969) paper. Devaney (1984) derived the formulas for the special cases of borehole-toborehole transmission and surface-to-borehole VSP measurements. In his derivation, the sources are assumed to be plane waves from all directions from the surface. In order to simulate the water tank and field experiments, we formulate the process in terms of point sources along a line on the surface (Figure 1 ). Assuming only small velocity variations of the medium, we can derive the relation of the double Fourier transform of the data set with respect to both the source line and geophone line and the spatial spectrum of the object. In the 2-D case, it is (1) for the low frequency region bounded by IKI = 2k,, then we can reconstruct the "low-frequency" image of the object exactly. However, due to the limitation of the illuminating and viewing angles for the geometry of typical seismic work, we can have only partial coverage of the object spectrum. Figure 2 shows the spectral coverages of the surface data(a), the borehole data (b), and their combination (c), respectively. We can see that the combing data set gives better coverage.
Multisource holography
Multisource holography (Wu and Xu, 1979 ) is a generalization of the ordinary single source holography (see, e.g., Goodman, 1966) . It can be viewed as a double focusing process for both the source and receiver arrays. The imaging process can be written as
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where U,, is the scattered field for the mth source and nth receiver, M is the number of sources, N is the number of geophones, R, is the distance between the image point and the source point, and R, is the distance between the image point and the geophone In (3), the inner summation is the focusing process for the geophone array, the outer summation is the one for the source array. By this double focusing process, we can obtain the maximum signal-to-noise ratio of the image. However, unlike the case of tomography, this is not an inversion process. The image can not be expected to give the exact distribution of the velocity perturbations.
Comparison between diffraction tomography and multisource holography
Figures 3 to 6 show some examples of reconstructed images from diffraction tomography and multisource holography using synthetic data. Since diffraction tomography is based on the operations in the transform domain, the limited apertures of both source line and geophone line cause some additional distortion of the reconstructed image, in addition to the distortion due to limited angle coverage. On the other hand, the focusing process of the multisource holography is a process in the space domain; therefore it suffers much less distortion. This becomes especially apparent when the number of sources and geophones is very small. In this study we consider the computation of velocity distributions from both traveltimes and the angle of arrival of seismic energy at three-component geophones. This inclusion of wave polarization in the simultaneous algebraic reconstruction technique (SART) is found to provide a major enhancement of the quality of the image reconstructed from a limited number of observations. The method also contributes significantly to the convergence rate of the solution. The first approximation in the method of reconstruction includes the wave polarization between source and receiver, and hence ray tracing through the first approximate model takes into account the refraction of the seismic energy. Subsequent image reconstructions are computed using SART in which we minimize both traveltime and wave polarization difference between model and data.
The method was tested with several different models using simulated crossborehole and surface-to-borehole configurations, and in the presence of random noise. The results show that the use of polarization improves convergence rate and reconstruction accuracy dramatically.
Simultaneous algebraic reconstruction technique (SART)
Geophysical tomography which has been widely developed in the last few years, consists of the reconstruction of subsurface images from measurements of seismic traveltimes (to reconstruct velocity distribution) and amplitudes (to reconstruct attenuation factor distribution). In both cases the problem involves the solution of an integral equation of the form, , 
